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Abstract
Discharging of untreated or partially treated textile wastewater is common in Ethiopia, and this has detrimental effect to 
the environment. It is difficult to treat textile wastewater by conventional biological processes. In this study, real textile 
wastewater was taken and treated using sequencing batch reactor using a biomass taken from domestic wastewater treat-
ment plant. Cycle period, air flowrate and sludge retention time (SRT) were initially optimized using the response surface 
methodology. The optimum ratio of cycle period/air flowrate/SRT which gives a 57% COD removal and 54% color removal 
was found to be 25 h/15 L/h/16 day. Using two types of wastewater substrate concentrations and various hydraulic retention 
times at optimized condition, COD removal, color removal, sludge volume index (SVI) and mixed liquor suspended solid 
were measured. The maximum of COD removal (73%) and color removal (65.8%) was obtained at an organic loading rate 
of 0.078 kg COD/m3 day. SVI at the optimized condition was found to be 90–92 mL/g. Finally, a first-order kinetic model 
was used to represent the degradation of textile wastewater.
Keywords Textile wastewater · Sequencing batch reactor · Organic loading rate · Sludge volume index · Color removal · 
Chemical oxygen demand removal
Introduction
The need of textile products is growing faster, and this leads 
to the increase in the quantity of textile effluent which dis-
charges into the environment [1]. Currently, textile industry 
sector is growing faster in Ethiopia. In addition, the sector 
releases enormous amount of wastewater. It usually contains 
toxic and non-biodegradable pollutants. The effluent usu-
ally contains chemical oxygen demand (COD), biological 
oxygen demand (BOD), alkalinity and total dissolved solids. 
Moreover, textile effluent usually comprises synthetic dyes, 
dispersants, bases, acids, detergents, salts, inhibitory com-
pounds and many other compounds. In addition to this, they 
are not easily degraded due to their complex structure and 
synthetic origin [1–4]. Some of the adverse effects of this 
effluent are reducing the amount of solar energy to penetrate 
the water bodies, lack of sufficient reoxygenation process 
and this cause detrimental effect to aquatic flora and fauna 
[5], and such type of wastewater can also cause cancer and 
extremely toxic to human beings [6].
By considering the detrimental effects of textile effluent on 
the environment, adequate and effective treatment technolo-
gies should be investigated [7]. They can be treated by physi-
cal and chemical process such as coagulation, flocculation, 
ozonation, oxidation, ion exchange, irradiation, precipitation 
and adsorption [8, 9]. However, these processes have some 
limitations such as excess amount of chemical usage, genera-
tion of excess sludge and additional cost to dispose such solid 
waste, requirement of high operational cost and sensitivity to 
variable wastewater influent [8, 10]. In this context, biological 
wastewater treatment is preferably selected due to its efficiency 
and inexpensive nature. The conventional activated sludge 
process was widely used for greater than 100 years for the 
treatment of wastewater. However, it has several operational 
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limitations. Some of the limitations are: high biomass pro-
duction, energy consumption and high operational cost [11]. 
On the other hand, recently, strict environmental protection 
legislation and emergence of better technology are the causes 
for the substitution of conventional activated sludge process by 
highly efficient and relatively cheap sequencing batch reactor 
(SBR) [11]. SBR is usually used for the removal of xenobi-
otic compounds in industrial and domestic wastewater. SBR 
has the following benefits at small scale: low construction and 
maintenance cost and flexibility in operation [12–14].
SBR usually uses aerobic bacteria similar to conventional 
activated sludge process. It can degrade and convert the 
biodegradable portion of the organic matter into new cells, 
gases and salts [15]. The SBR operates in five sequential 
stages (wastewater feeding, reaction, sedimentation, tak-
ing of the clarified effluent and idle stage) in discontinuous 
modes. This process has various advantages over conven-
tional activated sludge process [11]. Some of the advantages 
are simplicity and flexibility, low cost, resistance to fluctua-
tions in the influent and also process such as equalization, 
reaction and clarification that occur in the same reactor [11, 
15].
The SBR wastewater treatment process is more efficient 
than conventional activated sludge process with respect to 
economy and time. Moreover, 60% treatment costs can be 
saved [16] and also above 90% removal efficiency of biode-
gradable organic matter can be obtained [17] as compared 
to conventional activated sludge process.
Previous research reported about the use of SBR for the 
treatment of both domestic and industrial wastewater [15]. 
It effectively removes nutrients from domestic wastewater 
[18]. In addition to this, it can remove various environmen-
tal pollutants from industrial influents, piggery [19], paper 
mill [14], land fill leachate [20, 21] and textile wastewater 
[22–27].
Although a lot of researches have been carried out in the 
treatment of textile wastewater using SBR [22–27], to the 
best of authors’ knowledge, the process factors which were 
optimized in this study were not addressed by several previ-
ous researchers. Therefore, the main objective of this study 
was to investigate the optimum conditions for SBR process 
to remove COD and color from real textile wastewater using 
native bacteria taken from sludge of the municipal waste-
water treatment plant and also to study the kinetics of the 
degradation of the textile wastewater.
Materials and methods
Wastewater collection
Raw textile wastewater sample was taken from KK acrylic 
fiber dyeing process textile factory located in Addis Ababa, 
capital city of Ethiopia. The samples were taken during dye-
ing process, particularly at a time of dark shading just after 
screening of course particles. Sampling bottles were cleaned 
and rinsed with distilled water before a new sample was 
taken. The characteristics of each sample were measured on 
site at the factory and were measured as soon as it reaches 
to the laboratory within that day to check any change of it 
during transportation process. It was refrigerated at 4 °C. 
The characteristics of KK textile wastewater are indicated 
in Table 1.
Sequential batch reactor
The setup of the laboratory-scale SBR is shown in Fig. 1. It 
is made of plexi glass with a total volume of 5.5L and work-
ing volume of 4L. Feeding of the wastewater and withdrawal 
of the decanted effluent were carried out using peristaltic 
pumps. Air is suppled with air diffuser. Mixing was taken 
place with mechanical stirrer at a speed of 150rph. The reac-
tor was seeded with biomass collected from the Kalti domes-
tic wastewater treatment plant in Addis Ababa, Ethiopia. In 
order to acclimatize the biomass, the SBR setup was left for 
8 days with scheduled aeration at the rate of 8L/h. Conse-
quently, the reactor was filled with textile wastewater. The 
pH of the wastewater was fixed to 6.8, and its temperature 
was also calibrated at 28 °C.
Experimental procedure of SBR
The potential process factors which were used in this study 
are: cycle period (12, 24 and 36 h), air flow rate (8, 13 
and 18 L/h) and SRT (12, 16 and 20 day). The ranges 
and levels used for these process variables are shown in 
Table 2. The hydraulic retention time in the reactor was 
maintained as 4 days. These process factors were opti-
mized with Box–Behnken design (BBD). The SBR was 
working with five consecutive batch processes, namely 
feeding, aeration, sedimentation, draw step (decant) and 
idle step. During 0.5 h, raw textile wastewater was fed 
into the reactor, aeration carried out for 10 h, sedimenta-
tion carried out for 1 h, the decanted effluent taken for 
0.38 h and the system closed for 0.13 h. This process is 
recycled using fresh textile wastewater as a feed based on 
Table 1  Characteristics of KK textile wastewater
Serial numbers Parameters Values
1 pH 7.56 ± 1.01
2 COD (mg/L) 1960 ± 70
3 Absorbance at 617 nm 0.97 ± 0.01
4 BOD5 (mg/L) 207 ± 17
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corresponding cycle periods. During the idle stage, excess 
sludge was removed at the bottom of the reactor.
Experiments were also conducted at optimized condi-
tions at various organic loading rates (OLRs) and hydrau-
lic retention times (HRTs) as shown in Table 3 using two 
distinct influent substrate concentrations obtained during 
dark shading and medium shading of the textile dyeing 
process (1.25 and 1.96 g COD/L). COD removal, color 
removal, mixed liquor suspended solid (MLSS) and sludge 
volume index (SVI) were measured using standard method 
of analysis.
Experimental design, analysis and statistical 
validation
Response surface methodology (RSM) was used for the 
optimization of experiments. In this research, BBD is 
used and RSM was employed for optimization of COD 
and color removal efficiencies. Here, a  23 factorial design 
was used to identify the influence of three parameters 
including cycle period (A), air flow rate (B) and sludge 
retention time (C). These factors were chosen based on the 
literature and preliminary experiments. From these prelim-
inary experiments, the range of A, B and C was selected 
as shown in Table 2. A total of 17 experiments were con-
ducted with five replicates at the central point, and the 
designation of values was according to Moghaddam et al. 
[28]. A second-order regression model was employed for 
analysis and proves to be a good estimation of response 
surface [29] and is expressed as shown in Eq. 1:
where y = response; xi and xj = input variables; β0 = intercept 
constant; βi = first-order regression coefficient; βii = second-
order regression coefficient representing quadratic effect of 
factor i; and βij = coefficient of interaction between two fac-
tors i and j [30]. The analysis of variance (ANOVA) result 
was obtained using statistical software package Design-
Expert® version 7.0.0 (Stat-Ease, Inc.) to study the results 
and to determine the implication of the fitted quadratic 
model. The fitted model was illustrated in the form of con-
tour plots to know the interaction between the variables and 
responses. The quality of model was checked [31] using 
several coefficients such as the correlation coefficient R2, 
which evaluates the correlation between experimental data 
(1)Y = 훽0
k∑
i=1
훽iXi +
k∑
i=1
훽iiX
2
i
+
k=1∑
i=1
k∑
j=i+1
훽ijXiXj
Fig. 1  Schematic representation 
of the SBR system
Influent storage 
tank Pump for feed
Effluent collection tank
Sludge removal valve 
Reactor
Electric valve
Stirrer speed
controller
Air flow rate
controller
Pump for effluent
removal
Air
Table 2  Coded level and independent variables used in BBD by SBR 
biological system for KK textile wastewater
Process factors Code name of 
process factors
Units Coded values
Low Medium High
− 1 0 + 1
Cycle period A h 12 24 36
Air flow rate B L/h 8 13 18
Sludge retention time C d 12 16 20
Table 3  Experimental conditions of SBR at optimized conditions
Substrate concentra-
tion g COD/L
Days of opera-
tion (days)
HRT (days) OLR (kg 
COD/
m3 day)
1.25 1–17 4 0.078
18–23 3 0.104
24–37 2 0.156
1.96 38–52 4 0.122
53–61 3 0.163
62–77 2 0.245
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and predicted responses [32], the adjusted R2 which takes 
the number of factors into account [33] and the predicted 
R2 which indicates how much a regression model predicts 
responses for new observations.
The adequate precision was used to describe the signal-to-
noise ratio [34]. This value should be higher than 4. Finally, 
the coefficient of variation factor describes the repeatability 
and reproducibility of the models generated [35].
Results and discussion
Regression model and statistical testing
The experimental results originating from the BBD are sum-
marized in Table 4, and the resulting model values obtained 
by using the RSM model are summarized in Tables 5, 6 and 
7. Optimal values for color removal COD and measurement 
of sludge volume index in the experimental runs could be 
determined by a second-order polynomial as expressed by 
Eqs. 2, 3 and 4:
(2)
CODremoval
(
R
1
)
= 56.60 + 1.43A + 2.66B + 0.66C
+ 0.050AB − 0.40AC − 1.82BC
+ 1.21A2 − 7.01B2 − 5.41C2
(3)
Colorremoval
(
R
2
)
= 53.58 + 0.45A + 2.45B + 0.85C
+ 0.000AB − 0.75AC − 1.85BC
+ 0.61A2 − 7.39B2 − 4.14C2
where R1 stands for color removal, R2 stands for COD 
removal and R3 accounts for SVI, showing the regression 
coefficients and model performance indicators for the RSM 
model. In Eqs. 2, 3 and 4, positive effect of a factor implies 
the response is improved when the factor level increases 
and a negative effect of the factor means that the response 
is not improved when the factor level increases [36]. Values 
of probability < 0.05 show that model terms are significant, 
and values > 0.1000 point out that model terms are not sig-
nificant [35].
In the case of both COD and color removal, it can be seen 
that A, B, C, BC, A2, B2 and C2 were significant terms, and 
the rest of the terms were not significant and therefore not 
included in the equation for both COD and color removal 
while for SVI it was concluded that A, B, C, AC, BC, A2, 
B2 and C2 were proved to be significant. Thus, statistical 
analysis showed that not all variables had a significant effect.
The relationship between each of the factors and the role 
of each process factor can be described using Fisher’s test. 
The smaller P > f value and the greater F value usually indi-
cate the adequacy of the model [37]. It was further observed 
that the corresponding p-values of the Fisher’s test for COD 
removal, color removal and SVI were < 0.0001 which indi-
cated the regression itself was significant and adequate [35].
The value of the predicted R2 for all the three responses 
was found to be > 0.97. This implies the prediction of 
(4)
SVI(R
3
) = 80.00 + 7.88A − 5.755B − 4.88C + 0.75AB
− 5.00AC + 4.25BC + 5.50A2 + 13.25B2 + 9.00C2
Table 4  Experimental and 
predicted values for COD 
removal, color removal and SVI
Runs Process factors in terms of 
their codes
R1: COD removal (%) R2: color removal (%) R3: SVI (mL/g)
A(h) B(L/h) C(d) Expt. Predicted Expt. Predicted Expt. Predicted
1 0 − 1 − 1 38.2 39.03 36.7 36.90 115 117.13
2 1 0 1 53.7 54.09 50.5 50.60 90 92.50
3 − 1 1 0 51.2 51.99 49 48.80 85 84.38
4 1 0 − 1 53.6 53.56 50.8 50.40 115 112.25
5 0 − 1 1 43.6 44.00 42.6 42.30 102 98.88
6 0 0 0 56.7 56.60 53.5 53.58 80 80.00
7 0 0 0 56.5 56.60 53.7 53.50 80 80.00
8 1 − 1 0 50.3 49.51 44.6 44.80 111 111.63
9 0 0 0 56.5 56.60 53.6 53.60 80 80.00
10 − 1 − 1 0 47.2 46.76 44 43.90 97 97.37
11 − 1 0 − 1 50.3 49.91 48.1 48.00 89 86.50
12 1 1 0 54.5 54.94 49.6 49.70 102 101.62
13 0 0 0 56.8 56.60 53.5 53.58 80 80.00
14 − 1 0 1 52 52.04 50.8 51.20 84 86.75
15 0 0 0 56.5 56.60 53.6 53.58 80 80.00
16 0 1 1 46.5 45.68 43.7 43.50 98 95.88
17 0 1 − 1 48.4 48.00 45.2 45.50 94 97.13
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Table 5  ANOVA using response surface quadratic model for color removal
Source Coefficient factors Sum of square Degree of 
freedom
Mean square F value P value prob > F
Model 53.58 387.91 9 43.10 414.44 < 0.0001
A 0.45 1.62 1 1.62 15.58 0.0056
B 2.45 48.02 1 48.02 461.73 < 0.0001
C 0.85 5.78 1 5.78 55.58 0.0001
AB 0.000 0.000 1 0.000 0.000 1.0000
AC − 0.75 2.25 1 2.25 21.63 0.0023
BC − 1.85 13.69 1 13.69 131.63 < 0.0001
A2 0.61 1.57 1 1.57 15.06 0.0060
B2 − 7.39 229.95 1 229.95 2211.02 < 0.0001
C2 − 4.14 72.17 1 72.17 693.91 < 0.0001
St.dev. 0.32 0.32
C.V. (%) 0.67
R2 0.9981
Adjusted R2 0.9957
Predicted R2 0.9711
Adeq. Precision 67.438
Residual 0.73 7 0.10
Lack of fit 0.70 3 0.23 33.33 0.0027
Pure error 0.020 4 7.000E − 0.03
Total (corr) 388.84 16
Table 6  ANOVA using response surface quadratic model for COD reduction
Source Coefficient factors Sum of square Degree of 
freedom
Mean square F value P value prob > F
Model 56.60 439.78 9 48.86 92.76 < 0.0001
A 1.43 16.25 1 16.25 30.84 0.0009
B 2.66 56.71 1 56.71 107.66 < 0.0001
C 0.66 3.51 1 3.51 6.67 0.0364
AB 0.050 1.000E−0.02 1 1.000E−0.02 0.019 0.8943
AC − 0.40 0.64 1 0.64 1.21 0.3068
BC − 1.82 13.32 1 13.32 25.29 0.0015
A2 1.21 6.19 1 6.19 11.75 0.0.0110
B2 − 7.01 207.05 1 207.05 393.05 < 0.0001
C2 − 5.41 123.35 1 123.35 234.15 < 0.0001
St.dev. 0.73
C.V. (%) 1.41
R2 0.9917
Adjusted R2 0.9810
Predicted R2 0.8696
Adeq. Precision 0.73
Residual 3.69 7 0.53
Lack of fit 3.61 3 1.20 60.12 0.0009
Pure error 0.080 4 0.020
Total (corr) 443.47 16
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experimental data was satisfactory. Low values of coefficient 
of variation (C.V) indicated high accuracy and dependability 
of experiments as the values are < 10%. In this case, all the 
three responses have a C.V value of < 10%.
The contour figures were drawn to indicate the interaction 
between two independent factors. Moreover, the value of one 
variable is kept constant to clearly see the interaction among 
two independent process factors. The contour plots clearly 
illustrate the behavior of the system in the experimental 
design. These plots are indicated in Figs. 2 and 4. The behav-
ior of the response surface plot usually indicates the relation-
ship between the process factors. The nature of the response 
surface curves shows the interaction between the variables. 
The elliptical shape of the curve indicates good interaction 
between the two variables, and circular shape indicates no 
interaction between the variables. From the figures, it is 
observed that the elliptical nature of the contour in all the 
graphs depicts the mutual interactions of all the variables. 
There was a relatively significant interaction between every 
two variables, and predicted decolorization and COD reduc-
tion were maximum as indicated by the surface confined in 
the smallest ellipse in the contour diagrams. Hence, in these 
plots, there was a significant interaction between process 
factors and predicted COD and color removal were high-
est which is shown by the surface confined in the smallest 
ellipse in the counter plots.
Effect of process variables on treatment of textile 
wastewater in SBR
Figure 2 shows the effect of air flow rate and SRT on COD 
removal. From this figure, it can be seen that an initial 
increase in air flow rate causes the increase in the removal 
of COD. However, further increase in air flow rate above 
13.8 L/h causes the decrease in COD removal efficiency. 
The possible reason for the increase in COD removal at low 
value of air flowrate was due to better interaction between air 
and microorganisms. On the contrary, the decrease in COD 
removal at high air flow rate is due to the decrease in the 
retention time of air. Moreover, the decrease in the retention 
time of air can lead to the decrease in the interaction between 
microorganisms and air molecules.
Figure 2 also shows that the increase in SRT up to 16 days 
leads to the increase in COD removal efficiency. The effect 
of air flow rate and SRT on decolorization (Fig. 3) was in 
similar pattern with that of COD removal observed in Fig. 2, 
while cycle period has no effect for both COD and color 
removal. Similar trend of results was reported by previous 
researcher [38].
The effect of air flow rate on SVI is shown in Fig. 4; ini-
tially, it was observed that the value of air flowrate increases 
from 8 to 16 L/h while the value of SVI was decreased. How-
ever, further increase in air flowrate leads to the increase in 
Table 7  ANOVA using 
response surface quadratic 
model for SVI
Source Coefficient factors Sum of square Degree 
of free-
dom
Mean square F value P value prob > F
Model 80.00 2453.69 9 272.63 33.33 < 0.0001
A 7.88 496.13 1 496.13 60.66 0.0005
B − 5.75 264.50 1 264.50 32.34 0.0007
C − 4.88 190.13 1 190.1 23.25 0.0019
AB 0.75 2.25 1 2.25 0.20 0.6161
AC − 5.00 100.00 1 100.00 12.23 0.0100
BC 4.25 72.25 1 72.25 8.89 0.0207
A2 5.50 127.37 1 127.37 15.57 0.0056
B2 13.25 739.21 1 739.21 90.38 < 0.0001
C2 9.00 341.05 1 341.05 41.70 0.0003
St.dev. 2.86
C.V. (%) 3.07
R2 0.9722
Adjusted R2 0.9479
Predicted R2 0.6352
Adeq. Precision 16.926
Residual 57.25 7 8.18
Lack of fit 57.25 3 19.08
Pure error 0.000 4 0.000
Total (corr) 2510.94 16
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the value of SVI. This phenomenon can be occurred due to 
the breakdown of sludge’s at higher air flow rate. Further-
more, the figures also illustrated that air flowrate beyond 
16L/h improves the value of SVI. In addition, the effect of 
SRT on SVI is shown in Fig. 4. Accordingly, the increase 
in SRT from 10 to 16 days causes the decrease in the value 
of SVI. However, at the maximum level of SRT (20d) SVI 
values were proportionally increased.
In Fig. 4, cycle period has no effect on the value of SVI. 
SVI was the best indicator of sludge settling properties. 
The value of SVI obtained experimentally in this research 
was 80–115 mL/g. The value of SVI can be in the range of 
Fig. 2  Effect of air flowrate, sludge retention time and cycle period on COD removal
Fig. 3  Effect of air flowrate, sludge retention time and cycle period on color removal
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30–400 mL/g. If the value of SVI is less than 150 mL/g, it 
usually shows better settling properties of the sludge. On the 
other hand, if the value of SVI is greater than 150 mL/g, it 
usually indicates bulking of the sludge [39]. In this sense, 
the value of SVI which was experimentally measured in this 
research was 80–115 mL/g. This result was relatively lower 
than the results which were reported by previous research-
ers [40, 41].
Optimization of process factors of SBR‑treated 
textile waste water for color and COD removal
Optimization was carried out using statistical software 
package Design-Expert® version 7.0.0 (Stat-Ease, Inc.) with 
BBD. Optimal values of the three responses were based on 
Eqs. 2, 3 and 4. Furthermore, the main purpose of optimi-
zation was to achieve the maximum efficiency of the SBR 
wastewater treatment process. In addition, optimization 
was carried out based on preferred selected criteria. In this 
sense, COD and color removal efficiency were selected to 
be maximized, cycle period, air flow rate and SRT were 
selected in range, while SVI was selected to be minimized. 
Based on these selection criteria, optimum working condi-
tions and percent removal efficiencies were obtained. The 
optimum values obtained from BBD based on the selected 
criteria were: cycle period 25 h, air flow rate 15 L/h and 
SRT 16 d with COD and color removal efficiency of 57% 
and 54%, respectively.
Optimum condition performance of SBR at various 
OLRs
Further experiments were conducted based on optimum 
conditions of the process factors by varying influent sub-
strate concentrations (1.25 and 1.96 g COD/L) and HRT (4, 
3 and 2d). Moreover, the value of OLR varies based on the 
duration of these HRTs and quantities of influent substrate 
concentrations. The detailed working conditions are given 
in Table 3. The total number of days of operation was sev-
enty 7 days. In this reactor, continuous working days, COD 
removal, decolorization and value of SVI were investigated 
based on standard methods of water and wastewater treat-
ment analysis [42].
In the beginning of the reactor performance, the influent 
substrate concentration was 1.25 g COD/L and HRT was 
4 days while the OLR was 0.078 kg COD/m3 day. In this 
process condition, the removal of both COD and color was 
minimum due to the microorganism required longer time 
for adaptation of the reactor environment. However, gradu-
ally within 17 days (1–17 days) of the reactor continuous 
operation the system reached steady-state condition. At this 
stage, a maximum of 73% COD and 65.8% color removal 
efficiency was achieved. Likewise, on the 18th day the OLR 
was increased to 0.104 kg COD/m3 day by decreasing the 
HRT to 3 days while the influent wastewater concentration 
was kept constant. In these process conditions, in the rector 
within 6 days (18–23 days) another steady-state condition 
Fig. 4  Effect of air flowrate, sludge retention time and cycle period on SVI
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was achieved. At this stage, a maximum of 71.6% COD and 
63.7% color removal was obtained. Similarly, on the 24th 
day the OLR was increased to 0.156 kg COD/m3 day by 
decreasing the HRT to 2 days while keeping the influent 
concentration constant. In this process condition, the rector 
reached steady state within 14 days of continuous operation 
(24–37 days). At this stage, a maximum of 64.5% COD and 
58% color removal was obtained.
After 37 days of reactor operation (on the 38th day), the 
inlet substrate concentration was increased to 1.96 g COD/L, 
the HRT was 4 days, and the corresponding OLR was 0.122 kg 
COD/m3 day. In this process condition, within 15 days of 
the reactor continuous operations (38–52 days), the system 
reached steady-state condition. At this stage, a maximum of 
56.1% COD reduction and 51.6% color removal was achieved. 
In addition, on the 53rd day the OLR was increased to 0.163 kg 
COD/m3 day by decreasing the HRT to 3 days while keeping 
the influent substrate concentration constant. In these process 
conditions, within 9 days (53–61 days) of reactor operation 
steady-state conditions were achieved. At this stage, a maxi-
mum of 55.6% COD and 50.5% color removal was obtained. 
Finally, on the 62nd day the OLR was increased to 0.245 kg 
COD/m3 day by decreasing the HRT to 2 days while keeping 
the influent concentration constant. In this process condition, 
the reactor reached steady state within 16 days of continuous 
operation (62–77 days). At this stage, a maximum of 48.7% 
COD and 42.5% color removal was obtained.
The percent of COD removal and decolorization using 
various OLRs and HRTs for a total of 77 continuous days 
at steady-state conditions are summarized in Table 8. In 
addition, the trends of COD and color removal using vari-
ous HRTs and OLRs are also clearly illustrated in Fig. 5. In 
this sense, whenever HRT decreased, the OLR increased, 
and usually, such condition always results in the decrease in 
percent removal efficiency of both COD and color. This out-
come also indicated how SBR resists the variation in OLR. 
Similar trend was also observed by previous researchers by 
increasing the OLR and using various inlet concentrations. 
Kapdan and Oztekin did experiment on SBR performance 
on simulated dye wastewater using different HRT, and they 
reported that whenever HRT decreased, COD removal and 
decolorization also decreased [43].
Table 8  COD removal and decolorization of textile wastewater at 
optimum conditions at various OLRs and HRTs
Substrate 
concen-
tration g 
COD/L
Days HRT (days) OLR (Kg 
COD/
m3 day)
COD 
removal 
(%)
Color 
removal 
(%)
1.25 1–17 4 0.078 73 65.8
18–23 3 0.104 71.6 63.7
24–37 2 0.156 64.5 58
1.96 38–52 4 0.122 56.1 51.6
53–61 3 0.163 55.6 50.5
62–77 2 0.245 48.7 42.5
Fig. 5  a COD removal and b decolorization of textile wastewater at optimum conditions using various OLRs and HRTs
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The trend of measured SVI in SBR is clearly illustrated 
in Fig.  6. Initially, the value of SVI in the reactor was 
180 mg/L. However, after 17 days of reactor operation the 
value of SVI was dramatically changed. Gradually, the SVI 
starts to decrease; at the end of the reactor operation, the 
value of SVI decreased to 90 mL/g. The measured SVI at 
optimum condition was mainly in the range of 90–92 mL/g. 
The value of SVI obtained in this study was small and in 
agreement with previous studies. Previous researchers 
obtained the value of SVI in the range of 30–60 mL/g [41] 
and also in the range of 65–105 mL/g [40].
During the initial stage of SBR operation, MLSS was 
decreased from 1495 to 1290 mg/L. The possible reason for 
the decrease in MLSS at this stage could be due to discharge 
of smaller sludge. On the other hand, after the SBR runs 
continuously for several days, the MLSS starts to increase 
from 1780 to 5993 mg/L. However, gradually the amount of 
sludge starts to slightly decrease due to gradual formation of 
large-sized granules. It is known that the formation of large-
sized granules inhibits the availability of dissolved oxygen 
and nutrients to the microorganisms. In addition, this phe-
nomenon also inhibits the growth of microorganisms in the 
system. These trends of similar results were also addressed 
by previous researchers [44–48].
Kinetic study in SBR
The kinetic study was carried out for the treatment of textile 
wastewater at various levels of substrate concentration and 
hydraulic retention time. The microorganisms usually used 
the available substrate concentrations in wastewater. The 
biodegradation process is usually expressed by the first-order 
kinetic model. By integrating in between defined limit, such 
a first-order model can be expressed as:
where CSo is the initial substrate concentrations (g COD/L), 
CS is the substrate concentration (g COD/L), t is the degra-
dation time (day), K1 is the first-order rate constant  (day−1). 
Figure 7 shows how the experimental data fitted with the 
first-order model at different substrate concentrations and 
various hydraulic retention times. The first-order rate con-
stant (K1) was calculated from the slope of the line by least 
square fit in the figure.
The value of R2 and K is shown in Table 9. The values 
of R2 indicated the ability of the model to represent the first 
order used in this kinetic model. K values for 4 day and 3 day 
were nearer to each other, the smallest K values in the SBR 
were observed at the highest organic loading rate (0.245 
KgCOD/m3 day), and the possible reason for this was due 
to inhibitory effect of the substrate on the microbial activity.
Conclusion
In this study, real textile wastewater was taken and treated 
using SBR using a biomass taken from domestic wastewa-
ter treatment plant. Process factors such as cycle period, air 
flowrate and sludge retention time (SRT) were optimized 
using RSM. The optimum ratio of cycle period/air flow-
rate/HRT which gives a 57% COD removal and 54% color 
removal was found to be 25 h/15L/h/16 d. Using two ranges 
of influent substrate concentrations and HRT at optimized 
condition COD removal, color removal, SVI and MLSS 
were measured. The maximum removal of 73% COD and 
65.8% color was obtained at an organic loading rate of 
(5)ln
(
C
s
Cso
)
= −K
1
t
Fig. 6  MLSS and SVI of textile wastewater at optimum conditions 
using various OLRs and HRTs
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Fig. 7  Kinetic plot for the treatment of textile wastewater in SBR
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0.078 kg COD/m3 day. It is also possible to conclude that as 
HRT decreases, there is a decrease in the percent COD and 
color removal. Significant reduction in percent COD and 
color removal is observed between HRT 3 and 2 days. Small 
value of SVI usually indicated good performance of SBR. 
The first-order model was best to represent degradation of 
textile wastewater using SBR. It is possible to conclude that 
SBR can be applied in the treatment of textile wastewater.
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